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SUBJECT: Congderation of Collatera Environmenta Impacts Associated with the Use of SCR at
Dry Low NO, Combined Cycle Naturd Gas Turbines

FROM: John S. Saitz, Director
Office of Air Qudity Planning and Standards (M D-10)

TO: Air Divison Directors

The purpose of this memorandum is to provide guidance concerning consideration of collatera
environmental impacts associated with the use of sdlected catalytic reduction in determinating best
available control technology for NO, at dry low NO, natura gas combined cycle turbines. In most
cases best available control technology (BACT) for controlling NO, emissions from combined cycle
natura gas turbines used to generate eectricity is a concentration that is achieved by sdective catdytic
reduction (SCR). Thisistrue at al combined cycle natura gas plants including those that use a variant
of the technology cdled dry low NO, (DLN) turbines that can achieve less than 10 parts per million
NO, emissonswithout add on controls. In some Stuations, however, the collatera environmental
impacts associated with the use of ammoniawith SCR may justify not requiring SCR on DLN turbines.
This guidance discusses those collaterd environmenta impacts that are appropriate to consider as part
of aBACT determination of SCR use on acombined cycle turbine when they are presented to the
permitting authority by a permit gpplicant. It isthe permit gpplicant’s obligation to present information
on any impacts, specific to theingdlation of SCR on the unit being permitted, that he wishes to be
congdered in the BACT determination.

Background on NO, Control

In mogt instances, BACT for NO, control at combined cycle naturd gasturbinesis found to be
SCR. Combined cycle naturd gas turbines that are widdly available today produce less NO, than
other types of fossl fud dectricity generating plants  These turbines typicaly emit up to 25 parts per
million (ppm) NO, and are usudly permitted at between 2.5 ppm and 4.5 ppm with SCR. Dry low
NO, (DLN) turbines, atechnology that was developed to achieve single digit NO, emissions without
add-on controls, can be operated so that they emit no more than 9 ppm of NO,. When SCRis gpplied
to DLN turbinesthey aso emit NO, in the 2.5 ppm to 4.5 ppm range.

SCR isawidely used technology for controlling NO, emissions from awide variety of
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stationary combustion sources. SCR sdlectively reduces NO, emissons by injecting anmoniainto the
exhaust gas upstream of a catalyst where the NO,, reacts with the ammonia and oxygen to form N, and
water. SCR ismogt effective within a certain temperature range and higher or lower

temperatures and other operating conditions can cause some of the NO, and ammoniato pass
through the catalyst without reacting. Cataysts degrade eventudly, and that dso can cause anmoniato
pass through the catalyst unreacted. The ammoniathat is emitted is called anmoniadip. Plant
operators can minimize ammoniadip by usng alarger catalyst bed and by replacing it as it degrades.
Some gtates specify alimit for the ammonia dip, usudly between 5 ppm and 10 ppm, in permits for
combined cycle naturd gasturbines. Units operate well below the limit for most of timethey are
operating S0 as not to exceed the permitted limit. However EPA does not limit emissions of ammonia.

Permit gpplicants have raised a variety of collatera issues concerning theuse of SCR. The
mogt frequently cited concern isthe potentia danger of handling anmonia. Other concerns include the
environmenta impacts associated with the small amount of anmoniathet is emitted as ammoniadip.
Finaly, because the catayst does have to be replaced from time to time, concerns are sometimes raised
about spent catalyst aswaste. This guidance is intended to help permitting authorities address these
issues.

Applicability

This guidance isintended to assst permit authorities when a permit applicant raises issues
concerning the collaterd environmenta impacts of ammonia use with SCR a DLN combined cycle
natural gas turbines used to generate eectricity. This guidance does not gpply to the use of SCR on
combined cycle naturd gas turbines other than DLN turbines. At DLN turbines the reduction in NO,
emissons that can be achieved with the use of SCR issmdl (gpproximately 5.5 ppm of NOy) in
comparison to NO,, emissions reduction that can be achieved with SCR at other types of turbines and
roughly equivadent to the smal amount of anmoniadip that may be emitted (often less than Sppm to
10ppm of ammonia). When uncontrolled NOx emissions are that close to what can be achieved with
SCR, the impacts of using SCR become an gppropriate subject of analyss as part of determining
BACT.

This guidance aso does not apply to other types of facilities or other types of eectric power
generating plants. The NO, reductions that can be achieved when SCR is used at other types of
combustion power plants are many times what can be achieved a a DLN combined cycle power plant.
Furthermore, the ammonia dip from cod-fired power plants, the most common type of combustion
power plant, is much smaler relaive to the amount of NO, reduction achieved by SCR than isthe
ammoniadip a naturd gas combined cycle power plants. Findly, the modest benefits in terms of NO,
reductions that can be achieved by putting SCR on a DLN natura gas combined cycle power plant are
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eectricity market. If SCRisrequired on anew DLN turbine, the added capital and operating costs of
SCR may mean that more eectricity will be produced by dirtier plants. This could occur because
fewer of these new plants will be built and because less dectricity will be generated from those thet are
built. Therefore, total NO, emissions, could increase, not decrease, as aresult

of requiring SCR on these plants, as would emissons of SO,, CO,, and mercury on anationa or
regiond basis! Thisis not the case when SCR is gpplied to other kinds of power plants where large
NOx emissions reductions can be achieved with SCR or in other industries which can not respond to
amall price changes asfluidly and quickly as the ectric power generating industry.

BACT in the Clean Air Act: the Legal Background

Best available control technology, or BACT, is required for new or modified mgor sourcesin
order to prevent significant deterioration of air qudity in attainment areas? The Clean Air Act dlows
permitting authorities to weigh environmenta, energy and economic concerns againg the proven
environmenta benefits of technologies such as SCR in making BACT determinations in order to
determine whether aless effective technology for NO, control is warranted in specific cases. Seelinre
Kawaihae Cogeneration Project, 7 E.A.D. 107 at 115-119 (EAB 1997).

The Clean Air Act defines “best available control technology,” or BACT, as

[A]n emisson limitation based on the maximum degree of reduction of each pollutant subject to
regulation under this chapter emitted from or which results from any mgor emitting facility,
which the permitting authority, on a case-by-case basis, taking into account energy,
environmental, and economic impacts and other cogts, determines is achievable for such facility.
42 U.S.C. 8§ 7479(3).

Taking these “ collaterd” impacts into account, the permitting authority may reject the most effective
contral technology as BACT, but only in limited circumstances. In re Columbia Gulf Transmission Co.,
2E.A.D. 824, 827 (Adm'r 1989)("[T]he collateral impacts clause operates primarily as a safety vave

! For adiscussion of an EPA andysis of this effect seet USEPA, NO, Control on Combined
Cycle Turbines : Issues Regarding the Use of Sdective Catdytic Reduction as Best Available Control
Technology for Low NO, Turbines, August 4, 2000.

?In non- attainment areas new and modified sources have to meet a different standard, Lowest
Achievable Emissons Rate, or LAER, which is not discussed in this paper.
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whenever unusuad circumstances &Eﬁfstté (e &HR} l&i@ﬁ%&gﬁn aeto use less than the most
effective technology.”); In rd Y0R8 O PReP @S 8IRIAFR & 4248 (Atim'r 1990) ("[T]he
collateral impacts clause focuses upon specific loca

impacts which condrain a particular source from using the most effective control technology.”). More
specificaly, with respect to the consideration of collaterd environmenta impacts, the Environmenta
Appeds Board has explained that the definition of BACT has been interpreted to mean that "if
gpplication of acontrol system results directly in the release (or remova) of

pollutants that are not currently regulated under the Act, the net environmental impact of such emissions
iseligible for condgderation in making the BACT determination.” Kawaihae, 7 E.A.D.

a 116, citing In re North County Resource Recovery Associates, 2 E.A.D. 229, 230 (Adm'r 1986).

A decison by a permitting authority to rgect the most effective control technology, due to
environmenta concerns, must be based on sound evidence that the environmental concerns associated
with the use of this technology outweigh the benefits. Thusfor, example, in Kawaihae, the EAB
rgjected aclam “that purely hypothetica catastrophic failure of the SCR ammonia system...warrants
further consderation asa‘collaterd environmenta impact’ in [the State' s| BACT andlyss” 7EA.D. a
117. The State had considered the risks associated with the use of ammonia and found them to be
minimad. The EAB, dso found that the source must use the most effective technology unlessit is
demondtrated to the permitting authority's satisfaction that unique circumstances specific to the facility
would make the use of that technology inappropriate.  Similarly, the New Source Review Workshop
Manud (Draft 1990) makes clear that if a control technology has been applied to smilar facilities
elsawhere, it may ill bergected as BACT if the permit applicant can show that unusua circumstances
at the proposed facility create greater problems than experienced elsewhere In the same way, if the
permit applicant can convincingly show evidence that the environmenta impacts associated with a
control technology outweigh the benefits, that can be taken into account in the BACT determination.
Thus, a permitting authority could gppropriately conclude that BACT in a specific case was DLN
turbines without additiona controls for a combined cycle gas turbine if a case-by-case assessment of
the environmental, energy, and economic impacts demondrates that the collateral impacts associated
with a control technology such as SCR outweighed the benefits of additional NOx reduction.

Callateral Environmental | mpacts

In making a case-by-case BACT determination, the permitting authority must weigh the

3 USEPA, NSR Draft Manua at B.47.
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without SCR, the changein NO, emissions (gpproximately 5.5 ppm of NO, ) issmdl in comparison to
NO, emissions from other types of combustion power plants, and therefore, it is appropriate to
compare the impacts from this increment of NO,, emissonsto the smdl amount of anmoniadip
emissions that result from the use of SCR (often less than 5 to 10 ppm of ammonia). Where the rétio
between reductions in NO, emissons and potentid reductions in anmoniaemissonsis large, the
environmental impacts of ammoniaemissons are unlikely to be areason to reject SCR as BACT.

The tradeoffs between NOy and ammonia emissions, however, are not smple. Both NO, and
ammonia are acutely toxic; both contribute to fine particle formation, acidifying deposition,
eutrophication, and enrichment of terrestrial soils; and both may be converted to nitrous oxide (N,0), a
powerful greenhouse gas. In addition, NOy (as NO,) isachronic toxin and an essentid
precursor for the formation of tropospheric ozone. The contribution of NOy or anmoniaemissons
from agngle facility to any of these environmentd problemsis primarily determined by exidting levels of
NOy and anmoniain the area of a source, the availability of other pollutants in the atmosphere that
react with and transform the emitted oxidized or reduced nitrogen, and the
characterigtics of the aquatic and terrestrid ecosystems into which the nitrogen eventualy is deposited.

The various environmenta impacts associated with NO, and ammonia emissons, anmonia
handling in SCR systems, and the management of SCR catayst waste are discussed in a separate
supporting document that accompanies this guidance® The relaive significance of each of these
potentia impacts and some important factors to consder when weighing each of those impactsis
summarized below.

Tropospheric Ozone

NOy isan essentia precursor to the formation of ozone, which isformed through a series of
reactions of NOy and volatile organic compounds (VOCs) in the presence of sunlight. Ammonia does

“The environmenta impacts andysis is not to be confused with the air qudity impact andysis
(i.e., ambient concentrations), which is an independent statutory and regulatory requirement and is
conducted separately from the BACT andlyss. The negligible air quality impact of agiven leve of
emissions should not be consdered in choosing BACT. See USEPA, NSR Draft Manud at B.47,
Columbia Gulf Transmisson, World Color Press.

> USEPA, NO, Control on Combined Cycle Turbines : Issues Regarding the Use of Sdlective
Catalytic Reduction as Best Available Control Technology for Low NO, Turbines, August 4, 2000.
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not contribute to ozone formation. q\f@)f 'fnfa9 lekd M&&Mw‘rﬂ% ON near its emissions Sources or
may be transported long didaReSiIINAliM ey &Fe Rlid b ore addGiiation hundreds of

kilometers fromits source. In areathat are immediately upwind of nonattainment or Class| aress, the
impact of NOy emissions on regiona 0zone concentrations

should be an important consideration in any permitting decison and weighsin favor of requiring SCR.

Some important factors to consder in weighing the potentia 0zone impacts are;

. the proximity of an ozone nonattainment or sendtive Class 1 areg;

. the sengtivity of high ozone concentrations downwind to changesin NO, or VOCs(l.e., isthe
ozone formation NO, or VOC sengtive?);

. the 9ze of the incrementa contribution of the source to the availability of NO, downwind; and

. the presence of any meteorologica phenomenathat would mitigate or exacerbate the

contribution of the source to ozone formation downwind.
Fine Paticles

Both NOy and ammonia emissions contribute to the formation of fine particles. Once
converted to fine particles, the nitrogen from NO, and the ammoniamay be transported much farther
downwind and contribute to visbility impairment, as well as human hedth risks.

The sengtivity of particle formation to changesin ammonia or NO, is dependent on the ambient
concentrations of anmonia, nitric acid, and sulfate, as well as rdative humidity and
temperature. In areas where the ambient concentrations of sulfuric acid, from SO, emissons, or nitric
acid, from NOy emissons, are high, and anmonia emissons are rddively low, anmoniaemissons ae
likely to increase fine particle formation. In areas where sulfuric and nitric acid concentrations are
relaively low and ammonia emissons are high, an incrementd increase in anmonia emissons may have
little impact on fine particle formation.

Some important factors to consider when weighing the impacts on fine particles in comparison
to other impacts are:

. the presence of other sources of ammonia and SO2 near the source and downwind;
and
. the relative contribution of nitrate from ammonia and ammonium from anmoniato fine

particle composition near the source and downwind, taking into account changes
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Acidifying Depostion

In the atmosphere, NO, contributes to the formation of acid aerosols, while anmonia
neutralizes atmospheric acidity. Once deposited, however, both NOy and ammoniacan

contribute to the acidification of terrestrid soils and surface waters, depending on avariety of Ste
specific characteridtics.

Nitric acid or nitrate deposition, derived from NOX emissions, contributes to episodic
acidification and, if the ecosystem has reached nitrogen saturation, chronic acidification. Ammonium ion
deposition, derived from ammonia emissons, on the other hand can contribute to both chronic and
episodic acidification regardless of the state of nitrogen saturation. In the case of episodic events,
ammonium deposition can be twice as acidifying as nitric acid if the ammonium has undergone microbid
nitrification. Therefore, acidification impacts tend to weigh more in favor of limiting anmoniaemissons
and not requiring SCR.

Some important factors to consder when weighing the impacts on acidification in comparison
to other impacts are:

. the proximity to areas downwind of the source that are vulnerable to acidification;
. the extent of nitrogen saturation in downwind areas; and
. the relative importance of episodic acidification events as compared to chronic acidification.

Nitrogen Deposition and Eutrophication

When oxidized or reduced nitrogen is deposited on soils or surface waters, the nitrogen serves
asabiologica fertilizer, regardiess of whether the nitrogen came from NOy or ammoniaemissons,
respectively. While the speed and mechanisms by which aquatic or terrestria
biologica systems make use of the nitrogen may differ depending on whether the nitrogen isin oxidized
or reduced form, the overdl fertilization effect isthe same. Thus, on the bass of these impacts, the
tradeoff between NOy and ammonia emissions should be made in favor of the option that decreases the
total amount of oxidized and reduced nitrogen being emitted.®

®In terms of nitrogen emitted, 1 ton of anmoniais equa to 1.7 tons of NO and 2.7 tons of
NO.,.
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. the proximity to downwind areas that are sengtive to nutrient inputs, including Class 1 aress,
freshwater lakes and rivers, and coastal estuaries
. the availability of nitrogen sources as inputs to these sengtive ecosystems relative to the

incrementa nitrogen emissions from the turbine or SCR system

Globa Warming and Stratospheric Ozone Depletion

A small fraction of ammoniaemissions, once deposited on ails, is converted by soil microbes
to nitrous oxide (N,0), a powerful greenhouse gas and a stratospheric ozone depleter. Soil microbes
oxidize ammonium to nitrates in a process known as nitrification. Microbes further convert nitrates to
molecular nitrogen, NOy, and nitrous oxide in a process known as denitrification. While some nitrous
oxide is produced as a by-product during nitrification, denitrification is alarger source and acts equaly
on nitrates regardless of whether the nitrogen originated as NOy or anmonia. On the basis of impacts
associated with nitrous oxide, therefore, the tradeoff between NOy, and ammonia emissons should be
made in favor of the option that decreases the total amount of oxidized and reduced nitrogen being
emitted.

In addition to the nitrous oxide impacts, the use of SCR has implications for globd warming. To
the extent that use of an SCR on a DLN turbine reduces construction and operation of natural gas
turbines, and associated displacement of cod, oil and gas steam generation, the addition of SCR on
new natural gas combined cycle generating capacity may reduce the CO,
benefit of thistype of plant. Thereisaso anegligible power pendty associated with SCR of between
0.2 percent to 0.25 percent.

Ammonia Safety

Some permit gpplicants and turbine manufacturers have cited ammonia safety concerns as an
issue that mitigates the benefit of usng SCR to control NO,. Ammoniaisidentified by EPA asan
extremely hazardous substance.” It istoxic if swallowed or inhaed and can irritate or burn

"NO, isdso toxic if inhded in high enough concentrations. The EPA has set aprimary and
secondary Nationa Ambient Air Qudity Standard (NAAQS) for NO, equd to an annud arithmetic
average concentration not to exceed 100 ug/m3. While potentid violations of the ambient standards for
NOy should be teken into consderation in any permitting decison, these levels are high enough that it is
unlikely that the types of emissions being considered here will violate the NO, standards.
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the skin, eyes, nose or throat. Vapgpg FE\EE/ I(S?rlh gl% @\Bﬁ&t&%lth ar. Nonetheless, anmonia
is acommonly used material) 083ANQUI A& P Fas RMHaRAvy/Be ititilities where anmoniaiis
used be trained in safe use of ammonia, and it istypicaly handled safely and without incident.®

As discussed earlier, the Environmental Appedals Board, in reviewing achdlengeto aBACT
determination requiring the use of SCR, In Re Kawaihae Cogeneration Project, 7 E.A.D. 107, 116
(EAB 1997), addressed the issue of possible catastrophic releases of ammonia. In

upholding the permitting authority’s decision to require SCR, the Board held that the permit gpplicant
had failed to show that “any facility anywhere utilizing SCR technology had experienced such a
catagtrophic fallure’ nor, that there were unusua circumstances specific to the facility that would make
ammonia safety concerns a compelling reason not to use SCR.

Therefore, safety issues, when taken into congderation with other concerns, add weight to the
decison to not require SCR, but by themsdves these issues should have very little influence on a
decision.

Wadte | ssues

The use of SCR systems resultsin spent catayst waste. The amount of spent catdyst
waste generated is dependent on the amount of catalyst used,® the life of the catalyst, and the amount of
recycling of spent catalyst that occurs. Thiswaste usudly not hazardous waste and with proper
management, should not create significant environmenta impacts. Therefore, waste issues, when taken
into cong deration with other concerns, add weight to the decision to not require SCR, but by
themsdves these issues should have very little influence on adecison.

8Chemical Emergency Preparadness and Prevention Advisory, USEPA, September, 1991,
(OSWER 91-008.2).

°Note that using more catalyst resultsin lower NO,, and ammonia dip emissions, but higher
costs and more spent catalyst waste.



